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ABSTRACT: In the human body, distinctive kinds of illnesses may be observed even by analyzing samples of blood. In this 

paper, the principal purpose is to stumble on WBC from human blood. Those WBC defend the human against infectious 

illnesses. If there is any change within the blood count number, it indicates some issues within the body bio-mechanism.  

Segmentation is the primary and most critical step in automated blood WBCs classification. For this purpose, in advance, 

many hematological specialists tested blood samples,  using clinical instruments which include, cytometer used to detect what 

kind of disorder is present within the body. As, the segmentation is practically a completely soporific, tiresome and mistakes 

inclined technique, specialists thus, prefer to apply automated systems for the production of leukocytes segmentation; 

specifically wanted for classification. In this research, the thresholding approach has been used for segmenting leukocytes by 

means of the usage of Otsu thresholding. After that, the mathematical morphing was used for eliminating all interfering 

additives which no longer behave like WBCs. 
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1. INTRODUCTION 

White blood cells (WBCs) in peripheral blood and bone 

marrow play a substantial function within the prognosis of 

diverse illnesses, which includes AIDS, leukemia, and 

different blood associated illnesses[1]. Their count number, 

additionally called the differential blood count, is a hallmark 

of diseases. In differential blood count, medical examiners 

rely on a large number of WBCs on blood slides and 

therefore estimate the proportion incidence of every kind of 

white blood cell [2]. Conventional counting techniques that 

depended on the microscope are time to ingest, complex, and 

vulnerable to mistakes. 

In the meantime, automated popularity techniques make use 

of a flow cytometry and a blood cell analyzer. Those 

techniques are particularly hired for ordinary blood analysis 

as opposed to blood cell detection[3]. But, continually 

appoint blood smears from patients and a microscope to 

examine the form of blood cells for the scientific analysis of 

blood illnesses in sufferers[4]. As such, improvement of an 

automated cellular reputation device primarily based on 

picture processing and sample reputation to update manual 

reputation and counting has been the modern fashion[5]. 

Blood carries distinctive cell strains, the most crucial of 

which might be the white blood cell, platelet, and Red blood 

cell. White blood cells, which can be additionally referred to 

as immune cells, can assist the body to fight disease[6]. 

Accumulated photo samples comprise White blood cells, 

thereby influencing the processing and choice of White blood 

cells[7]. On this regard, the White blood cells segmentation 

algorithm must appropriately paintings on peripheral blood in 

picture processing for segmented. Numerous techniques were 

evolved for White blood cells segmentation [8]. Those 

techniques are typically primarily based on color area and 

mathematical morphology operations. Putzu et al proposed a 

technique primarily based at the cyan, magenta, yellow, and 

key plate colour area to split White blood cells due to the fact 

those cells lack the Y element[9]. Dividing the nucleus most 

effective in a peripheral blood photo is straightforward and 

speedy and will yield stepped forward segmentation. Those 

techniques are easy however incapable for as it should be 

segmenting the nucleus of WBCs whilst value White blood 

cells of the nucleus is near the cytoplasm[10]. Those 

techniques require a substantial quantity of time and can't 

cope with the hassle of overlapping WBCs. 

Previous research especially used energetic contour fashions 

and mathematical morphology to section overlapping WBCs. 

but, immoderate segmentation, low accuracy of cell division, 

and different demanding situations continue to be and have to 

be triumph over[11]. The prevailing study specifically targets 

to develop a proper algorithm for segmentation of 

overlapping WBCs in peripheral blood pictures. Otsu’s 

thresholding and mathematical morphing are hired to enhance 

segmentation. 

2. Methodology 

On this research, leishman stain approach was used for 

staining samples of blood smear pictures where all of the 

WBCs are stained in the blue shade and the dimensions of 

pics are (480×640)[12]. Picture data of those microscopic 

blood picture had been obtained from hospital and 

laboratories in Iraq. This studies painting is executed at the 

MATLAB R2014a picture processing toolbox. As visualized 

in figure (1) firstly, photo preprocessing implemented to the 

input picture as achieved in, which the nucleus region 

accompanied via Otsu’s thresholding segmentation and 

morphological operations[13]. 

3. Proposed Methodology  

In this study, the segmentation of WBCs was done based on 

the mathematical operations, thresholding approach and 

mathematical morphing were applied to obtain smoothing 

image. 

3.1 image Pre-processing  

Photo preprocessing may be very critical in clinical analysis 

so that it will get excessive great medical picture, but many 

factors have effect on its acquisition despite the fact that 

photo processing cannot offer new facts for prognosis, it can 

enhance the visible effect to diagnose appropriately; so that 

the consequent picture is higher suited for machine 

interpretation . This degree consists of the authentic photo 

conversion which the colour pics (RGB) are transformed to 

the grayscale. In this segment, our consciousness is at the 
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mathematics operation carried out to the photograph a good 

way to be easily segmented; to begin with convert the input 

picture to grayscale, then make two copies of grayscale 

photo, in a single replica histogram equalization H(i,j) and 

contrast starching C(i,j)[14]. 

 

 

Figure (1): Block Diagram of Proposed System 

     Then, mathematical operations like addition is applied on 

the two images C (i,j)  and H (i,j)  and the output is image 

R1(i,j) as shown in equation (1) which highlight nucleus of 

leukocytes and brightens all other blood components image 

and then image subtraction is done with R1 (i,j)  and H (i,j), 

which highlighted all of the objects in image. The output of 

subtraction operation is image R2(i,j) as shown in equation 

(2) 

 
Finally, combining both the images R1( i,j) and R2( i,j)  to 

get  image R3( i,j) as  shown in equation(3), that results in the 

minimum effect of distortion in the nucleus 

 
3.2 Segmentation using Otsu’s Thresholding 

At this stage, WBC images are segmented to produce a 

number of regions; each region represents one cell from a 

smear of blood. Thresholding process is the handiest 

approach for segmenting specific picture; it’s foremost 

purpose to partition all pixels of the picture into the 

foreground and the historic beyond primarily based on the 

intensity of gray or textures level. We've distinctive type of 

thresholding strategies together with international, variable 

and more than one thresholding. In the global thresholding, 

the suitable threshold fee T is ready for the complete picture 

and on the idea of photo[15]. 

 
Threshold value T changeover image relies upon on whether 

or not local or adaptive thresholding. In local thresholding, T 

relies upon a community of each pixel (x,y). Meanwhile, 

adaptive thresholding, T is a feature of the pixel (x, y). A 

couple of thresholding targets to discover more than one 

threshold values to split multiple items. 

 
In our studies work, Otsu’s global thresholding approach was 

used, which it is limiting the weighted within-elegance 

variance of the threshold foreground and historical past pixels 

and operate at gray-level bimodularihistogram or picture to 

establish a choicest threshold T, then used to binaries the 

photo [16]. 

The weighted inside-elegance variance is given by 

 
Wherein    is the within-variance of elegance and i the 

magnificence variance of i foreground or heritage and class 

probabilities are calculated from the histogram 

 
where(i) is the frequency i, I L is the quantity of gray in pithe 

cture. The elegance manner of foreground and historical past 

are estimated through the next formula 

 
The foreground variance and historical past pixels are given 

through 

 
Now, we forestall and discover the value of T from (1,256), 

in order that weighted sum of within-elegance variance is 

minimal. 

3.3 Mathematical Morphing 

In photo processing every now and then to offer 

enhancement, segmentation, convex hull, recuperation, facet i 

detection, texture analysis, shape, size analysis [16]. 

Mathematical morphological operations are a nonlinear, 

translation invariant adjustments photo analysis method 

which extracts objects from image through describing their 

geometric structure. 

 As we keep in mind only binary images so right here we 

handiest supply detail of binary morphological operations. In 

our research, we focus on the photograph morphing as it gets 

rid of theiunwanted gadgets like RBCs and platelets from the 

photograph. In most of the studies work, mathematical i 

morphing is used to clean the vicinity of t hobby. There are 

four critical operators of mathematical morphing, erosion, 

dilation, starting, and ultimate. 

The 2 primary operators or mathematical i morphing are the 

erosion and dilations and at the mixture of them, other 

operators may be shaped [17].  Suppose we have photograph 

r and structuring element s, then the operations are denoted 

as: 

 
 Commencing and the closingimorphology operations are 

derived from the mixture of abrasion (erosion) and the 
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dilation. Beginning used to smoothest the contour of gadgets; 

breaks slim isthmuses, and eliminateiskinny protrusions 

through doing away with small objects from foreground. 

Closing isilikewise used to easy contoursithrough doing away 

with the small holes, fusesinarrow breaks, long skinnyigulfs, 

and fill theigaps inicontour. 

 

4. RESULTS AND DISCUSSION  

A regular peripheral blood sample changed into taken and 

stained. Regular light microscope turned into used to acquire 

virtual pix from the blood slide using a 100x. An analog rate-

coupled device (CCD) shade camera is connected to the 

microscope to capture shade photographs (i.e. 640x480 

pixels). Total of (104) photographs had been used on this take 

a look at with the subsequent 5 cell kind's distributions (Table 

1): 
Table (1):- Types and number of WBCs 

 

 

 

 

 

 

 

 

The nucleus segmentation sequence of Eosinophil has been 

shown in Figure (2). At the first step, after inputting the 

image,  the original color of the image changed into the gray 

color, that leads to form two copies, one for contrast 

stretching and one for histogram equalizations after the 

mathematical  

operation, the preprocessing step is ended. Otsu thresholding 

and morphological operation were done to complete 

segmented the image and obtain cell image with segmented 

nucleus with bi-lobed granules in shape. 

For Basophil, bi- or tri-lobed with granules could be seen 

after segmented of the nucleus as seen in Figure (3). 

 

Figure (2) Segmentation of Eosinophil cell(A) Original image (B) gray 

scale (C) Histogram equalization (D) R1 = C + H  (E) R1 +R2  (F) Otsu 

threshold (G) Mathematical morphing operation (H) Segmented nucleus 

image 

 

Figure (3) Segmentation of Basophile cell (A) Original image (B) gray 

scale (C) Histogram equalization (D) R1 = C + H  (E) R1 +R2  (F) Otsu 

threshold (G) Mathematical morphing operation (H) Segmented nucleus 

image 

While for Neutrophil, their nucleus is two to five-lobed with 

granules. The lobes are connected by a thin strand after 

segmented of the nucleus as seen in Figure (4). 

 

Figure (4) Segmentation of Neutrophil cell (A) Original image (B) 

grayscale (C) Histogram equalization (D) R1 = C + H  (E) R1 +R2  (F) 
Otsu threshold (G) Mathematical morphing operation (H) Segmented 

nucleus image 

Meanwhile, for Monocyte, They have the largest white blood 

cell shaped with nucleus a granules after segmented of the 

nucleus as seen in Figure (5). 

 

Figure (5) Segmentation of Monocyte cell (A) Original image (B) 

grayscale (C) Histogram equalization (D) R1 = C + H  (E) R1 +R2  (F) 
Otsu threshold (G) Mathematical morphing operation (H) Segmented 

nucleus image 

A lymphocyte is distinguished by having a deeply staining 

nucleus that may be eccentric in a location with granules, and 

a relatively small amount of cytoplasm after segmented of the 

nucleus as seen in Figure (6). 

 

Figure (6) Segmentation of Lymphocyte cell (A) Original image (B) gray 

scale (C) Histogram equalization (D) R1 = C + H  (E) R1 +R2  (F) Otsu 

threshold (G) Mathematical morphing operation (H) Segmented nucleus 

image 

 

The results demonstrated the benefits of this method in 

preference to others[18]. In nucleus segmentation, the 

utilization algorithm that isn't always related to the color of 

nucleoli because there are the various colors of the nucleus in 

an exclusive type of white blood cells. So, it offers excessive 

WBC type Number of images 

Eosinophil 10 

Basophile 11 

Neutrophil 62 

Monocyte 7 

Lymphocyte 14 

Total 104 
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accuracy bring about segmenting nucleus in any type of 

White blood cells and in any size illumination that causes the 

distinct color area in images. Additionally, in a White blood 

cells segmentation method in which used the thresholding 

approach. The nucleus is completely segmented from 

different components. This method is quite simple with 

excessive pace and trustable accuracy. 

 

5. CONCLUSION 

In this research work, a white blood cell segmentation set of 

rules have been presented. This paper gives insights into 

White blood cells segmentation with the aid of obtaining 

cellular seeds and setting apart adhesive cells in peripheral 

blood images beneath one of a kind shade situation. The 

proposed technique affords an inexpensive processing time 

and offers accurate effects. The proposed technique exhibits 

strong efficiency with greater performance for white blood 

cell segmentation in peripheral blood image. 
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